This article explores the linkage between telecommunications infrastructure and high-tech industry growth in cities of two metropolitan areas, Minneapolis-St. Paul, Minnesota and Phoenix, Arizona. Results 
from 1960 to 1982, rendering it an important input for many business processes. Thus, its pervasiveness has altered numerous business processes and functions in both the public and private sectors of our economy and fostered the growth of New Economy or high-tech industries.
Many cities see this trend and want to take advantage of this new business growth. The so-called third wave of economic development policies goes beyond expensive attraction policies and instead seeks to promote growth of targeted industries or clusters (Bradshaw & Blakely, 1999; Porter, 1998) . The often-desirable targeted industries are high-tech in nature because of higher wages and tax revenue that they generate for the city. Blakely (1994, p. 297) believes that to attract high-tech industry, a locale must create conditions that will allow new high-tech firms to take root. Cities must provide the basic infrastructure that high-tech industry desires: a research base, invention, adoption and development, and innovation and dissemination. Telecommunications is one of the physical infrastructures that can support many of these processes, and from semiconductors to multimedia and dot.com firms, high-tech industry is a consumer of telecommunications. As cities desire stronger tax bases and more jobs, telecommunications infrastructure may be an untapped local advantage that can attract high-tech industry. Telecommunications is no longer an ignorable issue.
This study examines the role that telecommunications plays in promoting economic development or attracting high-tech industry. I explore the metropolitan location patterns of overall high-tech industry and sectors within that industry in relation to existing telecommunications infrastructure. The study compares high-tech location and telecommunications infrastructure in the cities of the metropolitan areas of two second-tier cities: Minneapolis-St. Paul, Minnesota, and Phoenix, Arizona. Because this study is groping with questions of the future with data from the past, available data influence the manner in which I can investigate this relationship. There is a mismatch in the availability of city-level data. Telecommunications infrastructure is not available until 1997, and industry data are available only up to 1997. Therefore, the analysis is exploratory and focuses on the correlation of high-tech industry and telecommunications infrastructure rather than attempting to unravel causation between them. Given these constraints, this study focuses on only two metropolitan areas to establish whether a positive relationship exists between telecommunications and hightech industry location. In addition, the research determines if there is variation in this relationship within high-tech industry. I examine seven high-tech sectors to clarify this because cities seeking to attract a specific type of high-tech industry need to know if telecommunications is a credible location factor.
The results indicate that cities with greater telecommunications capacity are more likely to have positive growth in high-tech industry and each of the seven sectors. Yet, the results also suggest that although we often think of high-tech industry as a single entity, it is important to disaggregate the industry to determine whether certain production processes and services make the firm react differently to telecommunications as a location factor. Local economic development policy makers should be aware of these relationships. Where hightech firms are locating and the degree to which telecommunications infrastructure is attractive to these firms is of great import given that cities desire to take part in the New Economy. The integration of telecommunications into a city's economic development strategy will allow local policy makers to focus on hightech business that fits its city's current telecommunications profile.
BUILDING THE FUTURE
During the 1990s, telecommunications infrastructure has become a growing concern of local government and industry. In 1990, Schmandt, Williams, Wilson, and Strover looked at telecommunications as the new urban infrastructure but stressed the importance of long-distance calling rates and not data requirements that have made the availability of advanced telecommunications more important for most business. Industry, especially high-tech industry, has a growing need to be located in a jurisdiction that is able to meet its telecommunications service requirements. "Broadband information infrastructure is now as important to a growing array of high-tech firms as railroads were to nineteenthcentury steel and textiles mills" (Wieman, 1998, p. 22) . Studies by consulting firms and telecommunications service providers (Beatty, 1998; GTE Telecommunications Services, 1997) continue to stress the importance of telecommunications in a firm's location decision; one even goes as far as stating that without bandwidth a city is holding high-tech industry hostage (Angelou Economic  Advisors, IC  2 Institute, & M+W Zander, 2000) . A 1996 BT/MCI Gallup Survey reported that global business leaders ranked quality of telecommunications infrastructure third as a matter of importance in selecting a location for business expansion, and Sommers and Carlson (2000) received similar responses from executives queried in their metropolitan case study of Seattle's high-tech industry.
The presence of service providers should indicate that telecommunications' demands of industry would be met; however, it is the adequacy of that infrastructure's capacity and location that directly affect a firm's location decision. Gorman's (2000) analysis of e-business location found that growth is highly skewed and dominated in two locations of the United States: New York and San Francisco. The wheels of agglomeration and telecommunications measures, such as bandwidth, are promoting this growth. Moss and Townsend's (2000) work on the geographical concentration of Internet backbone development also suggests that regions that do not host Internet Network Access Points (NAPs) are going to be unable to compete for high-tech industries with those that are bandwidth rich. One may think that the recent economic shakedown for dot.coms and telecommunications industry would make such observations less important, but according to the Census Bureau, e-commerce retail sales increased 13% in the fourth quarter of 2001 and e-commerce retail sales grew 2.5 times faster than all retail sales (Atkinson & Wilhelm, 2002, p. 3) . If this is an indication of the future, reliance on telecommunications will continue to also grow. Cities will need to be ready.
Does the current economy mean that telecommunications should be viewed differently than core infrastructure, which includes roads, bridges, water supply facilities, sewers, airports, mass transit, and electric and gas plants? Arsen (1997) explains that much of the research on the direction of causation between infrastructure and growth is in disagreement. Although most agree that the quality, quantity, and price of infrastructure may make a location distinctive or attractive because business costs can be lower, core infrastructure is not a dominant element in a firm's location decision, such as, for example, transportation costs. Infrastructure is necessary to growth, but the problem is that it is not a sufficient factor for growth (Johnson, 1990; Sears, Rowley, & Reid, 1990 ). This idea is also conveyed about telecommunications infrastructure (Gibbs & Tanner, 1997; Graham, 1999; Read & Youtie, 1994) . Thus, the lesson most appropriate for viewing telecommunications vis-à-vis economic growth is that the links between public infrastructure and economic development are not uniform over time or across location. Fox (1988) accounts for core infrastructure's inconsistent impact, and his explanation seems appropriate in the case of telecommunications. If telecommunications infrastructure is a constraint on economic development and growth (such as in rural areas), then additional investment may result in growth. But if there is another binding constraint, investment in telecommunications infrastructure will most likely not result in growth.
Infrastructure, no matter the kind, cannot be all things to all communities. It is not the silver bullet. Thus, cities that are vying to be the next silicon cluster need to understand this varied role of telecommunications infrastructure and know its limits. The relationship between telecommunications infrastructure and economic development is complex and mutually reinforcing. Telecommunications investment can enhance economic growth, and economic growth, in turn, can initiate further telecommunications investment. Telecommunications infrastructure also can potentially contribute to economic development through the lowering of transaction costs, creating new opportunities for innovation, providing access to new markets (e.g., through e-commerce), and providing access to human capital (e.g., through telework). "A solid telecom network is key to economic development: building industry and manufacturing, improving agriculture, education, health, social services, transportation, and other crucial elements that make up a nation's economy" (Dwyre, 1998) . Telecommunications' potential in either direction makes this research even more important to cities desiring New Economy industry.
TELECOMMUNICATIONS INFRASTRUCTURE IN CITIES
The state of advanced telecommunications infrastructure across cities varies greatly with the population density of the area. Although urban areas often are thought to be blessed with adequate infrastructure, prior telecommunications provider investment trends have given less priority to the growing demand for bandwidth in larger cities. Carriers have traded off greater investment in metropolitan area networks, which transmit data out of the city, for greater investment in long-haul networks that transmit data over long distance networks between cities. In 2000, Dell'Oro Group estimated a $15 billion to $7.5 billion investment preference for long-haul (Ames, 2001 ). However, the economic slowdown flattened out 2001 investment patterns for long-haul networks, such that RHK estimated the 2001 long-haul market at $5.6 billion and metro market at $4.8 billion (RHK, 2002) . Therefore, cities are still struggling to gain more bandwidth; proof that demand is exceeding supply is that prices are still high. "Trade in raw materials and manufacture goods has been eclipsed by flows of goods, capital, and information" (Knox, 1996, p. 115) .
From lobbying telecommunications service providers to improve existing telecommunications infrastructure to increasing bandwidth on their own, many cities have taken a proactive role in improving the state of telecommunications infrastructure in their jurisdictions.
1 However, some states forbid municipal telecommunications networks, such as Arkansas, Florida, Missouri, Nevada, Texas, and Virginia (Strover & Berquist, 2000) . In using telecommunications infrastructure to reel in attractive high-tech industry into their jurisdictions, cities hope for increased employment and possibly a reputation for attracting additional high-tech firms. Recent research by Walcott and Wheeler suggest that this may be possible. They find that Atlanta's telecommunications infrastructure was linked to the location of its high-tech industry, which clustered at the multiple points of presence (POP) along the primary fiber-optic loop (Walcott & Wheeler, 2001, p. 334) .
HIGH-TECH AND CITY GROWTH
Although this research is mainly interested in whether any city can utilize telecommunications to increase the success of attracting high-tech industry, urban areas are more likely to have greater success. Most cities provide firms with high urban costs, due to congestion and higher input costs, but they also enable the firm to generate high urban revenues because of increased proximity to competitors. Agglomeration economies pressure business to innovate, continue product improvement, and expand the market for products; therefore, city locations provide business with the highest potential for profit (Taylor, 1997, pp. 206-209) .
In regard to high-tech industry, a good proportion of it should find such urban areas attractive. Malecki (1990) spoke to the need of face-to-face communication for information-intensive and technical activities; urban areas are a perfect fit with their abundance of professional and technical labor, cultural activities, excellent communications, and synergistic dynamics (p. 111). Oakey (1984) reaffirms the importance of agglomeration economies, stating that urban settings are a necessary condition for high-tech development.
On the other hand, cities also benefit from high-tech industry not only in the type of jobs gained but also because high-tech is an innovator of further growth (Pollard & Storper, 1996) . In fact, many cities have tried to lay the seeds for high-tech growth, especially in downtown areas. Washington, D.C.'s Digital Capital Alliance has designed incentives to attract high-tech firms to NoMa (north of Massachusetts Avenue) and spur a tech boom in the District (Horrigan, 2001) . These incentives include workforce development, affordable facilities, and targeted property, franchise, and sales tax relief in specific areas. These are available to any firm that derives at least 51% of its gross revenues from hightech fields such as Internet-related services, data processing, biotechnology, or advanced hardware or software development. Austin, Texas, is attempting to attract software and multimedia firms to their "digital downtown" through the use of incubator space and business services (Horrigan, 2001) , and each of these cities is using telecommunications bandwidth as a promotion factor. Although not all high-tech is suitable for urban areas, this research is seeking to determine where telecommunications can provide better opportunity for these dynamics to occur and what sectors of high-tech are most responsive.
THE "NEW HIGH-TECH"
Thus far, the majority of studies claiming the importance of telecommunications to high-tech industry and economic development have been case studies of executives on location attributes or analyses of clusters within regions. This study concentrates on the city as the unit of analysis and tests the importance of telecommunications infrastructure to high-tech growth with city-level data for two metropolitan areas. Although it is a small sample and results will be less generalizable, the exploratory data analysis will suggest the quantitative relationship between telecommunications infrastructure and high-tech growth and give some indication as to its relevance in economic development policy in these locations.
To analyze whether telecommunications infrastructure is an important location factor for high-tech industry, the industry must first be defined. In the past two decades, many studies have examined industrial location of high-tech industry. Most earlier studies concentrated on manufacturing (Glasmeier, 1985 (Glasmeier, , 1991 Markusen, Hall, & Glasmeier, 1986; Ó hUallacháin, 1990 ). However, with high-tech industry driving nearly a third of U.S. economic growth between
Hackler / TELECOMMUNICATIONS AND ECONOMIC DEVELOPMENT 1039 1995 (Economics and Statistics Administration, 2000 , high-tech has permeated multiple industries. The census recognized this with the addition of a new classification titled "information sector" in their new industry classification system, North American Industry Classification System (NAICS). Consequently, studies have widened the definition of what is considered high-tech from hardware and airplanes to include firms that produce information or rely on telecommunications to produce a service (Atkinson & Gottlieb, 2001; DeVol, 1999; Markusen, Chapple, Schrock, Yamamoto, & Yu, 2001 ).
The U.S. Department of Commerce's (DOC) (1998) digital economy study attempted to standardize high-tech definitions by comparing the industries selected as IT or high-tech by different organizations.
2 The DOC compiled a final list of four-digit Standard Industrial Classification (SIC) codes that were representative of each organization's list. The high-tech industry includes hardware, software/service, communications equipment, and communications services sectors. My research includes these four sectors and two sectors from the NAICS "information sector." These are news and motion pictures and publishing. Finally, I include one other sector, financial, insurance, and real estate (FIRE). Telecommunications accounts for 8% of FIRE's expenditures (Graham, 1999) . It embraces the Internet as a new route to deliver their products or services such as mortgage loans, credit cards, e-banking, and insurance quotes. In addition, some of this sector is dependent on back-office job functions, which are "routine, standardized operations [that] can decentralize into suburbs and small-and medium-sized towns by utilizing the telecommunications network" (Walcott & Wheeler, 2001, p. 320) . Thus, the telecommunications reliance and locational flexibility of the FIRE sector make it highly appropriate for this analysis. Table 1 identifies the sectors and SIC codes defined as high-tech industry in this study.
This definition of high-tech has two major benefits. First, by following a more diversified classification of high-tech and information-intensive business, the study will provide a broader range of understanding how telecommunications is related to such business location. Second, in disaggregating the hightech classification, this study is able to investigate the difference between sectors. High-tech industry is a baseline from which we can further understand what affects its heterogeneous components. Given the focus on industrial location, a firm's location is important. Thus, establishments data will be used instead of employment. Establishments data, or the number of firms/production sites, provide exact location down to the zip code level and are more advantageous for a number of reasons. Establishments data do not suffer from data suppression due to privacy such as employment data do. In addition, because the study examines how telecommunications affects the growth of high-tech industry, employment data cannot distinguish whether growth is due to an increase in the number of firms or one existing firm that hires more employees. Establishments data were not available for smaller geographical areas than the county before the Economic Census of 1987. Starting with that census, establishments are reported for each zip code by four-digit SIC. Each zip code is matched to the appropriate city using U.S. Post Office data and GIS. 4 Aggregation of establishments for each zip code in the city allows for an analysis of city-level location patterns.
To evaluate industrial location, I analyze absolute growth of establishments for all high-tech industries and the seven sectors identified in Table 1 over a 10-year period from 1987 to 1997 and a 5-year period from 1992 to 1997. In examining the two time periods, I can trace changes in both intrametropolitan location of industry and growth in addition to analyzing telecommunications infrastructure's effect. To complete the latter, telecommunications infrastructure data were necessary. However, telecommunications service providers and infrastructure owners consider network information proprietary. This, in addition to the fact that a city will have multiple providers, makes data collection extremely difficult.
Given this data problem, several recent studies utilize reports of Internet service providers' (ISPs) networks to aggregate network offerings in metropolitan areas (Atkinson & Gottlieb, 2001; Moss & Townsend, 2000; Walcott & Wheeler, 2001 with network infrastructure in each city. Therefore, the final measure of telecommunications infrastructure availability is technically bandwidth capacity (megabits per second) per 1,000 population in each city. 6 This represents the total telecommunications capacity available to business and residents in a city through ISPs. Although these data are not perfect measures of telecommunications capacity, the correlation of private telecommunications infrastructure and ISP infrastructure should be high. ISPs rely on high bandwidth to build their networks. Larger numbers of communications services mean larger proprietary telecommunications networks, which should lead to an increase in the number of ISPs and bandwidth availability. One other problem with doing a study of telecommunications is that these data were not collected before 1997. This creates somewhat of a mismatch because the data used to calculate high-tech growth are not available after 1997. However, as stated earlier, telecommunications infrastructure should not only positively affect growth but should reflect the foundation for future realized localization and urbanization economies.
Finally, the nature of this study is exploratory, and thus, I analyze a small sample of cities in the metropolitan areas of two second-tier cities: Phoenix, Arizona, and Minneapolis-St. Paul, Minnesota. Second-tier cities are those that have been attracting industry and jobs over the past 20 years. Although these cities are not considered industrial and economic power centers or global cities, such as New York or Los Angeles, Phoenix and Minneapolis-St. Paul have been successful in attracting industry and are often identified as high-tech centers. Because the study examines the role of telecommunications in attracting hightech industry, the geographical area should have a sound base of high-tech industry. This purposive sample not only has this but indicates how second-tier cities, not the traditional economic centers, can use telecommunications to its economic advantage. In addition, the two metropolitan areas are in different geographical regions and have contrasting compositions of high-tech industry. Recently, Cortright and Mayer (2001) found that although both had a high-tech location quotient of 1.7, Minneapolis-St. Paul was stronger in computers, peripherals, medical devices, and information services/data processing, whereas Phoenix was stronger in semiconductors and aerospace. The contrast should provide greater variation in the telecommunications/high-tech growth relationship.
Thus, the comparative assessment of high-tech industrial location and telecommunications infrastructure includes a total of 17 cities, 6 cities in the Phoenix metropolitan area and 11 cities in what is commonly known as the Twin Cities (see Table 2 ).
7 Although this small sample may not yield the most generalizable statistical evidence, it is useful to examine the quantitative relationship between high-tech industry and telecommunications infrastructure. In the Phoenix metropolitan sample, all cities except Glendale lie to the east, northeast, and southeast of Phoenix. In the Twin Cities metropolitan sample, most of the cities are west of Minneapolis-St. Paul, forming a half-circle from the northwest to southwest. The Phoenix metropolitan area is geographically more spread out with the most distant cities of Chandler and Mesa located more than 20 miles from Phoenix. Minnetonka, Burnsville, and Blaine are farthest from the Twin Cities at approximately 17 miles. For the purpose of analysis, these cities are considered to be in the second-ring of the metropolitan area, with all other cities except the central cities being labeled as first-ring cities.
This study seeks to unravel aggregate high-tech industry for Minneapolis-St. Paul and Phoenix to understand where certain sectors of high-tech industry are locating and to determine whether this location is dependent on the presence of telecommunications infrastructure. Before looking at the numbers, it is interesting to note that both cities have thought about their telecommunications infrastructure in connection to economic growth. The Minnesota Telecommunications Task Force investigated the telecommunications infrastructure in the area in the 1980s; however, although it reported that investment may lead to potential economic benefits, local government rejected planning and deployment of infrastructure ideas. They found that their telecommunications infrastructure was neither an advantage nor disadvantage to further growth in the types of industry it desired (Loveland, 1990 ). Phoenix's approach to telecommunications was somewhat different because it not only desired growth of telecommunications-intensive business, such as health services, banks, and educational systems, but it also wanted to reduce its reliance on a local carrier. However, although it deployed its own telecommunications network, it is mainly used for government services, and the private sector remains responsible for creating telecommunications infrastructure (Fisher, LaMena, & Mabee, 1990) . The important point to be taken forward into the analysis is that both areas have looked at telecommunications as an economic development tool, and both have stepped back. Now that data are coming available to assess telecommunications' impact on growth, it is important to see if their decisions were sound or if there is a link that should be exploited. And if so, what can a city do to improve and promote it as a location factor that makes a difference. To arrive at some answers, the following sections will compare the overall metropolitan areas, high-tech growth within those areas (intrametropolitan), and finally proceed to the analysis of industry growth in relation to telecommunications infrastructure.
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HIGH-TECH LOCATION
In comparing the two metropolitan areas, Table 3 indicates that the aggregated six-city population in the Phoenix metropolitan area is twice the size of the aggregated 11-city population 8 in the Twin Cities, but the Twin Cities have more high-tech establishments and employees and software/services establishments than Phoenix. Both metropolitan areas have roughly the same bandwidth capacity available.
To gain greater perspective, Table 4 shows the same data for suburbs and central cities. Central cities have greater population than the suburbs. Bandwidth capacity distribution varies for each metropolitan area. It is evenly distributed among suburbs and central cities in Phoenix, but the Twin Cities have larger capacity in the central cities. In regard to high-tech industry and its sectors, the distribution of employment and establishments favors the suburbs of Phoenix but the central cities of the Twin Cities. The Twin Cities' high-tech services are consistently greater in the central cities where hardware and communications equipment are distributed evenly between the two locations. The location of firms in the Phoenix metropolitan area is distinctly different. The suburbs are dominant in total high-tech establishments and employment and every sector except communications services. This finding is consistent with the general perception that the West is more spread out with greater land on which to locate outside of the central city. In addition, high-tech establishments are greater in the area offering larger bandwidth capacity, or in the Phoenix case, the suburbs provide comparable bandwidth the central city.
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In analyzing both high-tech sector growth in Table 5 and telecommunications infrastructure data in Table 4 , an interesting explanation for this varied distribution among suburbs and central cities arises. In the Twin Cities, both Minneapolis and St. Paul have greater bandwidth capacity than any other city in the metropolitan area; however, in the Phoenix metropolitan area, Scottsdale and Tempe have the greatest bandwidth capacity available. These results indicate that a relationship may exist between telecommunications infrastructure and high-tech growth when comparing the central city/suburb results for the two metropolitan growth patterns.
Delving into each area for clues, the central cities of each metropolitan area dominate most sectors growth. 9 Yet, in comparing sector growth in the first and second ring (outside of the central cities), the data indicate that some intrametropolitan growth patterns exist. In Phoenix, first-ring cities dominate most sectors' growth except for hardware, and given that hardware often has larger production facilities, this is understandable. The first ring in the Twin Cities has larger growth in most sectors, but a second-ring city, Burnsville, has greater growth in FIRE and software/services. Because the sector results for Burnsville are only third to Minneapolis and St. Paul, the jumping of these sectors from central cities to outer suburbs generally supports findings that back-office functions relocate to the suburbs while processes demanding face-to-face contact stay downtown. In combining the intrametropolitan patterns with the 1046 AMERICAN BEHAVIORAL SCIENTIST telecommunications data, the bandwidth differential existing in the first ring for the Phoenix metropolitan area continues to indicate that some relationship may exist between telecommunications and growth.
TELECOMMUNICATIONS INFRASTRUCTURE'S ROLE
To determine whether the availability of telecommunications infrastructure is relevant to high-tech growth, several bivariate analyses were conducted. Although such analysis is limited, it is most appropriate given the exploratory nature of this study and the small sample of cities in Phoenix and MinneapolisSt. Paul. 10 Pearson correlations are explored to examine the strength of the linear relationship between telecommunications and high-tech industry overall and in the seven sectors identified above. Because the telecommunications data for each of the 17 cities are not available before 1997, the analysis was adapted in two ways. First, as discussed above, great debates exist around the contribution of infrastructure to growth: Does investment in infrastructure create economic growth or does economic growth increase infrastructure demands and thus investment?
11 To some extent, the data force this analysis to look at the relationship of prior high-tech growth and the presence of telecommunications capacity at the end of the growth period, but no causation can be inferred. To address this, the correlation analyses, reported in Table 6 , include more than one time period (a 10-year period between 1987 and 1997 and a 5-year period between 1992 and 1997) and report on both absolute growth of establishments and percentage growth of establishments. Second, to understand the static relationship, correlations are reported for the relationship between the level of telecommunications capacity in 1997 and total establishments in 1997 for the industry and each of the seven sectors.
RELATIONSHIPS
As posited, the correlation analyses indicate that cities with higher bandwidth capacity are more likely to have positive growth in the overall high-tech industry and each of the seven sectors. However, exceptions to this relationship are apparent given several negative signs and the relationship strength variation. These findings suggest that although we often think of high-tech industry as a single entity, it is important to disaggregate the industry to determine whether certain production processes and services make the firm react differently to various location factors. For example, the hardware sector results seem to be most different for the absolute and percentage growth analyses. An explanation for the negative signs may be found in hardware's more routinized and mechanical production processes that often occur onsite. Although there have been reports of rising telecommuting rates among hardware engineers who design integrated circuits for semiconductors and design motherboards, this is not the predominant trend or as acceptable as it is for software engineers. The hardware sector's basic work processes make it less reliant on telecommunications infrastructure. However, this explanation does not capture the full story because hardware posts some positive correlation coefficients of moderate strength. The correlations between telecommunications and percentage growth results also have three additional sectors (communications equipment, publishing, and software/services) that exhibit negative correlation coefficients in either one or both of the time periods. Although communications equipment production is closer to the processes that the hardware sector performs, these three sectors post generally positive results across types of growth and time periods.
The static correlation analysis between total establishments in 1997 and telecommunications is more consistent. In fact, all suggest positive relationships, and both the hardware and publishing sectors' are significant. In comparison, absolute growth in establishments has the greatest number of significant statistics, indicating sector growth is significantly correlated with telecommunications in four sectors for the 5-year period and in one sector for the 10-year period. The percentage growth analysis has only one sector that is significant, and it is in the 10-year period. The lack of significant coefficients across these analyses is expected given the small sample. Instead, the focus of this exercise is to establish whether telecommunications and high-tech growth are positively related. The results are indicating the relationship is worth exploring. Turning to the strength of the relationships, existing establishments in software/services, publishing, news and motion pictures, and hardware were moderately related to the simultaneous availability of telecommunications bandwidth. The remaining sectors post weak relationships. The percentage growth analysis indicates a 1997 1987-1997 1992-1997 1987-1997 1992-1997 weak relationship for each sector except communications services. Thus, the absolute growth results are more comparable to the total establishments analysis.
A few sector results are noteworthy and need explanation of how telecommunications fits into the production process. Absolute growth in the FIRE sector displays a strong relationship with telecommunications for both time periods, and this is logical because a FIRE covers a large range of services. In the financial portion, ATM machines, wiring of funds, and back-office credit card and loan processing centers all show the relative adoption of telecommunications to the job function. Back-office processing centers also have created a major transformation in insurance.
12 Given that the job functions do not require face-to-face daily contact, the majority of activities could be fulfilled using phones and faxes while computers and networks enabled batch and sometimes real-time updates of customer and business databases. Real estate also has become more reliant on telecommunications because the basic mortgage application will most likely have a loan agent receiving real-time, online loan approval. Although FIRE services may not seem to be high-tech at face value, the use of technology for providing these services has increased as a means of improving service delivery and cutting business costs. Telecommunications infrastructure has become a necessary component.
In regard to the other sectors and their positive results, the communications services sector requires solid telecommunications infrastructure to conduct its business of telephone and TV broadcasts. Although the measure of bandwidth capacity used in this study is only garnered from ISPs and not proprietary networks of major telecommunications providers in the sample, ISPs rely on a solid telecommunications infrastructure to build their networks. Therefore, the relationship is positive: Larger numbers of communications services mean larger proprietary telecommunications networks, which should lead to the increase in the number of ISPs and bandwidth availability. In news and motion pictures, telecommunications is somewhat part of the process. In motion pictures, onsite "shoots" are still required to produce the product, but the editing functions take advantage of high bandwidth connections that send cuts to producers and directors wherever it is needed. The news also relies on satellite downlinks for transmission of live reporting.
Two other sectors are interesting from the production perspective because they exhibit some negative relationships with telecommunications. The publishing sector's weak growth results are somewhat appropriate because the predominant portion of this sector's production is not reliant on telecommunications. A dichotomy exists in which drafting and editing can be enhanced using telecommunications (e-mail and attachments), but the actual production of the book or magazine is a traditional "printing press" production process. Finally, the software/services sector's weak and negative percentage growth correlations with telecommunications forces recognition that the sector is varied-from writing code on a computer connected to a high bandwidth link to the provision of services at a client's place of business to help with a network problem or install software. However, the future of software provision is a function that should increasingly rely on telecommunications. Application service providers (ASPs) must have high-bandwidth connections to their servers because they provide clients with software that can be downloaded from the ASP's server instead of purchasing a CD-Rom for installation. Given that even this analysis has a level of aggregation for the seven sectors, the coefficient's variation in sign is telling.
Although cities with higher bandwidth capacity are likely to have positive growth, this analysis has showed that it is only a moderate relationship at best. In addition, the intersector variation in growth's correlation with telecommunications infrastructure demonstrates the importance of disaggregating high-tech industry into additional categories or sectors. The industry cannot be a binary classification of high-tech or not. This should be common sense; even within similar businesses, different processes emerge. These exploratory results suggest that telecommunications infrastructure is a factor associated with most high-tech sector growth. Although further analysis is necessary, there is an indication that economic development strategies seeking high-tech industry would be well served if local policy makers understood the importance of telecommunications infrastructure. Whether understanding telecommunications means assessment and promotion of existing infrastructure or investment in additional advanced telecommunications infrastructure depends on the type of business desired, existing infrastructure capacity, and likelihood of public or publicly promoted private investment.
THE INVISIBLE HAND
Overall, the exploratory analysis indicates that the relationship between telecommunications infrastructure and growth in high-tech sectors is positive. Although additional research on this topic is necessary, local policy makers should be aware of the potential role that telecommunications infrastructure could play in promoting economic development or attracting high-tech industry. Telecommunications is "invisible" unlike core physical infrastructure, and actual data detailing the type and location of telecommunications networks are hard to uncover and document in a simple manner. In addition, telecommunications is a technical issue making it hard to understand its ramifications. Nonetheless, cities must be aware of its potential. The benefits that telecommunications provide a city are not self-contained to the establishments located in a city's jurisdiction. Beyond economic development, an improved telecommunications infrastructure provides better high-speed access to small business and citizens and improves delivery of government services.
The New York State Economic Development Council pressed the New York State legislature to consider passing such actions into law. Assemblyman Joseph Morelle introduced two telecommunications-related pieces of legislation Hackler / TELECOMMUNICATIONS AND ECONOMIC DEVELOPMENT 1051 (McMahon, 2002) . One focuses on assessments of telecommunications infrastructure at the county level and the State's Public Service Commission. The second one would provide incentives to influence private telecommunications providers that deploy high-speed telecommunications infrastructure in underserved areas. The results of this analysis indicate that New York is taking the first proactive step in its future of telecommunications development. The second step of local policy makers wishing to attract high-tech industry should be to understand the differences within high-tech industry.
For example, if a city desires greater growth in the FIRE sector, whether back-office functions or main branches, it should look beyond the available talent pool and seek to understand the business' reliance on advanced telecommunications services. If large, the location will need to be able to accommodate such needs if it expects to attract such business to its jurisdiction, and if the location does meet telecommunications requirements, then policy makers should promote this as a strategic benefit of its locale.
The role of telecommunications in economic development strategy seems very likely in the New Economy. But without knowing what exists, it is impossible to emphasize. A telecommunications infrastructure inventory or assessment should be an essential step for cities seeking high-tech or any New Economy business. Once a baseline of telecommunications infrastructure availability and capacity is known, the locale will know where it stands vis-à-vis other locations. Thus, telecommunications demand of the desired business also must be researched if such market research on the sector's telecommunications requirements is not already collected. Such a data collection effort could not only inform the attraction of that type of business, but it could also guide future expansion or improvement of telecommunications services in the jurisdiction.
Cities also should enlist private telecommunications providers in the process of developing telecommunications as a strategy to attract business. Providers would have interest in high-use customers and may be willing to invest in additional telecommunications infrastructure in return or help ready "smart" buildings. Although this relationship is often difficult, a partnership of strategy between local policy makers and private telecommunications providers is necessary if cities are to understand how telecommunications can be used to their benefit. The analysis of cities in the Phoenix and Minneapolis-St. Paul metropolitan areas indicates that telecommunications infrastructure is a positive indicator of high-tech growth. However, the belief in "if we build it, they will come" may not be the best strategy. Telecommunications, similar to most infrastructure, is only a necessary condition to economic growth and not sufficient to ensure success, but if a city is trying to attract a sector that is known to be highly reliant on telecommunications, a telecommunications strategy is more than necessary.
Telecommunications should be an important ingredient to cities wanting to have New Economy growth. With more cities seeking a slice of the silicon
